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IN THE CLAIMS 

Please cancel Claims 1-20. 

Please add the following new claims. 

21. (New) A soldering flux comprising: 

an adhesive resin and a hardening agent, wherein: 

said hardening agent includes at least two types of carboxylic acids having melting 
points that are different from each other. 



22. (New) The soldering flux of claim 21, assuming a liquid form. 

23. (New) The soldering flux of claim 21, assuming a paste form. 

24. (New) The soldering flux of claim 21, wherein: 
said adhesive resin includes a theraio-setting resin. 

25. (New) The soldering flux of claim 24, wherein: 

said thermo-setting resin is selected from the group consisting of epoxy resin, phenol 
resin, polyimide resin, silicon resin, modified resin and acrylic resin. 

26. (New) The soldering flux of claim 21, wherein: 

one of said two types of carboxylic acids is adipic acid and another of said two types 
of carboxylic acid is pimelic acid. 

27. (New) The soldering flux of claim 26, represented by the formula: 

a:b = (85 : 15) to (95 : 5) 
wherein 'a' is content (mass%) of said adipic acid and 'b' is content (mass%) of said 
pimelic acid. 

28. (New) The soldering flux of claim 21, wherein: 

one of said two types of carboxylic acids is adipic acid and another of said two types 
of carboxylic acids is succinic acid. 

29. (New) The soldering flux of claim 28, represented by the formula: 

a : c = (95 : 5) to (25 : 75) 
wherein 'a' is content (mass%) of said adipic acid and 'c' is content (mass%) of said 
succinic acid. 

30. (New) A soldering paste comprising: 
soldering powder; and 



a soldering flux mixed with said soldering powder, wherein: 

said soldering flux comprises an adhesive resin and a hardening agent, and said 

hardening agent includes at least two types of carboxylic acids having melting points that are 

different from each other. 

3 1 . (New) The soldering paste of claim 30, wherein: 
said adhesive resin includes a thermo-setting resin. 

32. (New) The soldering paste of claim 31, wherein: 

said thermo-setting resin is selected from the group consisting of epoxy resin, phenol 
resin, polyimide resin, silicon resin, modified resin and acrylic resin. 

33. (New) The soldering paste of claim 30, wherein: 

one of said two types of carboxylic acids is adipic acid and another of said two types 
of carboxylic acid is pimelic acid. 

34. (New) The soldering paste of claim 33, represented by the formula: 

a:b = (85 : 15) to (95 : 5) 
wherein 'a' is content (mass%) of said adipic acid and 'b' is content (mass%) of said 
pimelic acid. 

35. (New) The soldering paste of claim 30, wherein: 

one of said two types of carboxylic acids is adipic acid and another of said two types 
of carboxylic acids is succinic acid. 

36. (New) The soldering paste of claim 35, represented by the formula: 

a : c = (95 : 5) to (25 : 75) 
wherein 'a' is content (mass%) of said adipic acid and 'c' is content (mass%) of said 
succinic acid. 



37. (New) The soldering paste of claim 30, wherein: 

said soldering powder includes a component selected from the group consisting of Sn, 
Cu, Ag, Sb, Pb, In, Zn and Bi. 

38. (New) An electronic component device comprising: 
a component mounting board; 

an electronic component soldered onto said component mounting board; and 
a soldering flux between said component mounting board and said electronic 

component to bond said component mounting board and said electronic component to each 

other, wherein: 

said soldering flux comprises an adhesive resin and a hardening agent, and said 
hardening agent includes at least two types of carboxylic acids having melting points that are 
different from each other. 

39. (New) The electronic component device of claim 38, wherein: 
said soldering flux assumes a liquid form. 

40. (New) The electronic component device of claim 38, wherein: 
said soldering flux assumes a paste form. 

41. (New) The electronic component device of claim 38, wherein: 
said adhesive resin includes a thermo-setting resin. 

42. (New) The electronic component device of claim 41, wherein: 

said thermo-setting resin is selected from the group consisting of epoxy resin, phenol 
resin, polyimide resin, silicon resin, modified resin and acrylic resin. 

43. (New) The electronic component device of claim 38, wherein: 



one of said two types of carboxylic acids is adipic acid and another of said two types 
of carboxylic acid is pimelic acid. 

44. (New) The electronic component device of claim 43, represented by the formula: 

a: b = (85 : 15) to (95 : 5) 
wherein 'a' is content (mass%) of said adipic acid and 'b' is content (mass%) of said 
pimelic acid. 

45. (New) The electronic component device of claim 38, wherein: 

one of said two types of carboxylic acids is adipic acid and another of said two types 
of carboxylic acids is succinic acid. 

46. (New) The electronic component device of claim 35, represented by the formula: 

a : c = (95 : 5) to (25 : 75) 
wherein 'a' is content (mass%) of said adipic acid and 'c' is content (mass%) of said 
succinic acid. 

47. (New) An electronic circuit module comprising: 
a chip mounting board; 

a semiconductor chip having at least one semiconductor element soldered onto said 
chip mounting board; and 

a soldering flux between said chip mounting board and said semiconductor chip to 
bond said chip mounting board and said semiconductor chip to each other, wherein: 

said soldering flux comprises an adhesive resin and a hardening agent, and said 
hardening agent includes at least two types of carboxylic acids having melting points that are 
different from each other. 

48. (New) The electronic circuit module of claim 47, wherein: 



said soldering flux assumes a liquid form. 

49. (New) The electronic circuit module of claim 47, wherein: 
said soldering flux assumes a paste form. 

50. (New) The electronic circuit module of claim 49, wherein: 
said adhesive resin includes a thermo-setting resin. 

51 . (New) The electronic circuit module of claim 50, wherein: 

said thermo-setting resin is selected from the group consisting of epoxy resin, phenol 
resin, polyimide resin, silicon resin, modified resin and acrylic resin. 

52. (New) The electronic circuit module of claim 47, wherein: 

one of said two types of carboxylic acids is adipic acid and another of said two types 
of carboxylic acid is pimelic acid. 

53. (New) The electronic circuit module of claim 52, represented by the formula: 

a:b = (85 : 15) to (95 : 5) 
wherein 'a' is content (mass%) of said adipic acid and 'b' is content (mass%) of said 
pimelic acid. 

54. (New) The electronic circuit module of claim 47, wherein: 

one of said two types of carboxylic acids is adipic acid and another of said two types 
of carboxylic acids is succinic acid. 

55. (New) The electronic circuit module of claim 54, represented by the formula: 

a : c = (95 : 5) to (25 : 75) 
wherein 'a' is content (mass%) of said adipic acid and 'c' is content (mass%) of said 
succinic acid. 

56. (New) An electronic circuit apparatus comprising: 



a motherboard; 

an electronic circuit module soldered onto said motherboard; and 

a soldering flux between said motherboard and said electronic circuit module to bond 

said motherboard and said electronic circuit module to each other, wherein: 

said soldering flux comprises an adhesive resin and a hardening agent, and said 

hardening agent includes at least two types of carboxylic acids having melting points that are 

different from each other. 

57. (New) The electronic circuit apparatus of claim 56, wherein: 
said soldering flux assumes a liquid form. 

58. (New) The electronic circuit apparatus of claim 56, wherein: 
said soldering flux assumes a paste form. 

59. The electronic circuit apparatus of claim 56, wherein: 
said adhesive resin includes a thermo-setting resin. 

60. (New) The electronic circuit apparatus of claim 59, wherein: 

said thermo-setting resin is selected from the group consisting of epoxy resin, phenol 
resin, polyimide resin, silicon resin, modified resin and acrylic resin. 

61. (New) The electronic circuit apparatus of claim 56, wherein: 

one of said two types of carboxylic acids is adipic acid and another of said two types 
of carboxylic acid is pimelic acid. 

62. (New) The electronic circuit apparatus of claim 61, represented by the formula: 

a:b-(85 : 15) to (95 : 5) 
wherein 'a' is content (mass%) of said adipic acid and 'b' is content (mass%) of said 
pimelic acid. 



63. (New) The electronic circuit apparatus of claim 56, wherein: 

one of said two types of carboxylic acids is adipic acid and another of said two types 
of carboxylic acids is succinic acid. 

64. (New) The electronic circuit apparatus of claim 63, represented by the formula: 

a : c = (95 : 5) to (25 : 75) 
wherein 'a' is content (mass%) of said adipic acid and 'c' is content (mass%) of said 
succinic acid. 

65. (New) A soldering method implemented by using a flux comprising an adhesive 
resin and a hardening agent, wherein: 

said hardening agent includes at least two types of carboxylic acids having melting 
points that are different from each other. 

66. (New) The soldering method of claim 65, implemented to solder any one of an 
electronic component, an electronic circuit module and a semiconductor chip onto a board. 

67. (New) A soldering method implemented by using a soldering paste comprising 
soldering powder mixed with a soldering flux, wherein: 

said soldering flux comprises an adhesive resin and a hardening agent, and said 
hardening agent includes at least two types of carboxylic acids having melting points that are 
different from each other. 

68. (New) The soldering method of claim 67, implemented to solder any one of an 
electronic component, an electronic circuit module and a semiconductor chip onto a board. 

69. (New) The soldering method of claim 67, including the steps of: 
executing a soldering process at one surface of said board by using said soldering 

paste, and 



soldering an electronic component onto another surface of said board with a solder 
different from said soldering paste. 
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SOLDERING FLUX, SOLDER PASTE 
AND METHOD OF SOLDERING 



BACKGROUND OF THE INVENTION 
1. Field of the Invention 
5 The present invention relates to a soldering flux, soldering paste, 

an electronic component device, an electronic circuit module, an 
electronic circuit apparatus and a soldering method. 
y 2. Description of the Prior Art 

y A flux is used to solder a component onto a component mounting 

'5 10 board in the known art. The main function of the flux is to improve the 
wettability of the solder by removing the oxide film formed at a metal 
^ conductor provided at the component mounting board and also at the 

j 3 surface of the metal to be soldered at the component. Among fluxes used 

Q in the related art, those containing rosin as the primary constituent are the 

Q 15 best known. Rosin contains a carboxylic acid such as abietic acid or 

m 

levopimaric acid, and the carboxyl group acts to remove the oxide film at 

the surface of the metal to be soldered. 

Various additives such as solvents, plasticizers and thixotropic 

agents are normally mixed into a flux to improve the printability and 
20 increase the retentive strength. For instance, Japanese Unexamined Patent 

Publication No. 1999-121915 discloses a flux, the viscosity of which is 

adjusted by adding alcohol. 

Other types of fluxes include the RMA (halogen-free) type fluxes 

conforming to the MIL Standard. This type of flux eliminates the 
25 necessity of washing the flux and the like after the reflow process. 
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Since none of the fluxes described above are used to bond the 
soldered component following the soldering process, the solder joint is 
achieved through fusion joining of the metal to be soldered. Accordingly, 
the degree of strength with which the metals to be soldered are bonded 
with each other is determined by the size of the solder joint area. 

As components become further miniaturized to keep pace with 
higher density mounting pursued in various types of electronics devices, 
the pitch representing the distance between the individual components is 
becoming smaller, which, in turn, has resulted in a drastically reduced 
solder joint area. Thus, it is difficult to ensure a sufficient soldering 
strength even today. Since it is expected that higher density at the 
mounting board, further miniaturization of components and a smaller pitch 
between individual components will be pursued with increasing vigor in 
the future, it will become even more difficult to support this technical 
trend with the means for assuring the bonding strength in the related art 
that achieves the required bonding strength simply by allowing the solder 
joint to be formed over a large enough area. 

The required solder joint strength is normally assured by forming 
a solder fillet portion and thus, increasing the solder joint area where a 
terminal of the component and a conductor (a land or a solder bump) on 
the component mounting board become soldered to each other. However, 
since the bonding area of the fillet portion itself is bound to be reduced in 
high-density mounting, the fillet portion cannot readily contribute to an 
increase in the bonding strength. 

In addition, when manufacturing various types of electronic 
circuit modules, for instance, a component mounting board that allows 
components to be mounted on both sides is often utilized so that after 



soldering components in a furnace, onto one surface of the component 
mounting board with a high-temperature solder, components are mounted 
onto the other surface and the board undergoes a soldering process in the 
furnace again. This means that when soldering the components onto the 
other surface of the component mounting board, it is necessary to use a 
low-temperature solder having a lower melting point than the 
high-temperature solder used on the first side. In the prior art, the melting 
point of a solder is usually adjusted in conformance to Pb content. 

At the same time, in response to the demand for solders that do 
not contain Pb (hereinafter referred to Pb-free solders) by the advocates of 
global environment conservation, great effort has been invested in 
developing solders with Pb-free composition in recent years. However, no 
Pb-free solder composition with a high melting point comparable to that 
of a high-temperature solder in the prior art has been put into practical use 
to date. The main obstacle is that the melting point of Pb-free solder itself 
is approximately 220° C that is higher than the melting point of a eutectic 
solder by as much as 40° C and thus, no effective alternative to Pb has 
been discovered. Consequently, the issue of insufficient difference 
between the melting points of the solders used on the two sides of a 
double-sided installation type component mounting board is yet to be 
addressed, and the problem of components becoming lifted off or falling 
off when they are mounted onto the component mounting board is still 
common. 

Furthermore, when manufacturing an electronic circuit module 
using semiconductor chips, an additional work process is implemented 
after the semiconductor chips are soldered onto the chip mounting board. 



A sealant is applied onto the bonding interface to firmly bond the 
semiconductor chips to the chip mounting board with the sealant. 

However, if there is any residual flux present when the sealant is 
injected, the flux prevents the sealant from reaching the interface between 
the semiconductor chips and the board in sufficient quantity and thus, the 
sealant fails to achieve its full bonding strength. Accordingly, a process of 
washing away the flux is added before injecting the sealant. Under normal 
circumstances, the flux washing process is implemented by using a 
volatile organic solvent in a plurality of separate steps. However, stricter 
regulations are imposed today on the use of volatile organic solvents for 
environmental protection, and thus, the flux washing process has become 
an onerous process from the viewpoints of both cost effectiveness and 
environmental protection. 

Moreover, when a combination of a ceramic substrate and an 
organic resin substrate is adopted to constitute the chip mounting board 
and the motherboard respectively to manufacture an electronic circuit 
apparatus by mounting an electronic circuit module obtained through the 
process described above onto the motherboard, the contraction stress tends 
to concentrate in the solder joint to result in cracks to occur readily in the 
solder joint to result in a reduction in the durability of the joints due to the 
difference between the coefficients of thermal expansion of the ceramic 
board and the organic resin board, as proven in thermal shock tests and the 
like conducted after the electronic circuit module is mounted. While it 
would be desirable to inject a sealant in order to improve the strength of 
the solder joint for this reason, it would lead to a considerable increase in 
the production cost to implement a flux washing process and a sealant 



injection process on the entire motherboard, and thus, the sealant is not 
injected in reality. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a soldering flux, 
a soldering paste and a soldering method that achieve a sufficient degree 
of bonding strength while allowing higher mounting density, further 
miniaturization of components and a reduction in the pitch at which 
components are set. 

It is a further object of the present invention to provide a 
soldering flux, a soldering paste and a soldering method that prevent 
components from becoming lifted off or falling off with a high degree of 
reliability without having to ensure a sufficient difference between the 
melting points of the solders used at the two surfaces of a double-sided 
installation type component mounting board. 

It is a still further object of the present invention to provide an 
electronic component device, an electronic circuit module and an 
electronic circuit apparatus that may be manufactured at low production 
costs without requiring a flux washing process. 

It is a still further object of the present invention to provide an 
electronic component device, an electronic circuit module and an 
electronic circuit apparatus achieving a high degree of reliability, in that 
the durability of the solder joint is greatly increased compared to that in 
the prior art. 

In order to achieve the objects described above, the soldering flux 
according to the present invention contains an adhesive resin and a 
hardening agent. 



Since the flux according to the present invention contains an 
adhesive resin and a hardening agent, the adhesive resin can be used as an 
adhesive to secure a component to the component mounting board after 
the soldering process. As a result, the reliability of the solder joint is 
improved by preventing the component from peeling or falling off due to 
an impact force or thermal stress. This greatly differentiates the flux 
according to the present invention from the rosin flux in the prior art that 
does not act as an adhesive after the soldering process. 

In addition, by using the flux according to the present invention, a 
sufficient bonding strength can be assured without having to form a fillet 
portion. Thus, since it is not necessary to provide an area for the formation 
of the fillet portion at a conductor for component connection (land) 
formed on the component mounting board, an improvement in the 
mounting density is achieved. 

The adhesive resin contained in the flux according to the present 
invention may be a highly adhesive resin selected from numerous resin 
materials in conformance to temperature requirements. The selection of 
such a resin ensures that even when the standard eutactic solder is used on 
the second surface of the double-sided installation type component 
mounting board and the component mounting board is processed in a 
reflow furnace after components are soldered onto the first surface of the 
component mounting board by utilizing the flux according to the present 
invention, the components mounted at the first surface do not manifest 
such problems as shifting, the so-called Manhattan phenomenon (the 
raised component phenomenon) and falling. It goes without saying that 
the flux according to the present invention may be utilized in the soldering 
processes on both the first surface and the second surface. 



The flux according to the present invention may be achieved in 
either a liquid form or a paste form. Such a flux can be applied onto the 
component mounting board or the like with ease through a means such as 
printing, dispenser application, spraying or brush application. 

It is desirable to constitute the adhesive resin in the flux according 
to the present invention with a thermo-setting resin. More specifically, the 
thermo-setting resin may be constituted of at least one resin selected from 
epoxy resins, phenol resins, polyimide resins, silicon resins, modified 
resins and acrylic resins. A selection may be made from the resin materials 
listed above and the selected material(s) may be mixed at quantities set in 
conformance to bonding temperature range, target film hardness and the 
like. 

The hardening agent must be capable of hardening the adhesive 
resin. In a desirable mode, the hardening agent contains a carboxylic acid. 
A hardening agent containing a carboxylic acid can be utilized as a flux 
for removing the oxide film formed at the surface of the metal to be 
soldered as well as an agent that hardens the thermo-setting resin. 

The flux according to the present invention may contain a solvent, 
a plasticizer, a thixotropic agent and the like as well. The solvent is added 
to enable adjustment of setting temperature and setting speed of the 
adhesive resin and also to enable adjustment of the viscosity in 
conformance to the application mode. The plasticizer and the thixotropic 
agent, too, are added to enable adjustment of the viscosity in conformance 
to the mode of application. The quantities of the solvent, the plasticizer, 
the thixotropic agent and the like that are added are set in conformance to 
the specific purpose of use. 



The flux according to the present invention may be achieved in 
the form of a micro-capsule having an adhesive resin, an organic acid that 
achieves a deoxidation effect, a carboxylic acid, a solvent and a hardening 
agent sealed therein. 
5 In addition, the flux according to the present invention may be 

mixed with soldering powder to form a soldering paste. The soldering 
powder may be constituted of a substance selected from Sn, Cu, Ag, Sb, 
Pb, In, Zn and Bi. A Pb-free soldering paste can be achieved by using 
soldering powder other than Pb. 
3 10 The present invention also discloses an electronic component 

•sal 

ff| device, an electronic circuit module and an electronic circuit apparatus 
achieved by using the flux described above. The electronic component 

%| device according to the present invention includes at least one electronic 

Q component, a component mounting board and a soldering flux. The 

Q 15 electronic component is soldered onto the component mounting board. 

Q The soldering flux, that contains an adhesive resin and a hardening agent, 

rii 

is present between the electronic component and the component mounting 
board to bond the electronic component and the component mounting 
board to each other. 

20 The soldering flux present between the electronic component and 

the component mounting board, contains the adhesive resin and the 
hardening agent, functions as an adhesive. This soldering flux does not 
need to be washed and can be directly utilized as an adhesive soldering 
flux. As a result, an electronic component device can be manufactured at 

25 low production cost without having to implement a flux washing process. 
Furthermore, since the soldering flux containing the adhesive resin and the 
hardening agent functions as an adhesive, a highly reliable electronic 
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component device in which the solder joint durability is greatly increased 
compared to the prior art is achieved. 

The electronic circuit module according to the present invention 
includes a semiconductor chip, a chip mounting board and a soldering 
flux. The semiconductor chip includes at least one semiconductor element 
and is soldered onto the chip mounting board. The soldering flux that 
contains an adhesive resin and a hardening agent is present between the 
semiconductor chip and the chip mounting board to bond the 
semiconductor chip and the chip mounting board to each other. 

The soldering flux present between the semiconductor chip and 
the chip mounting board, that contains the adhesive resin and the 
hardening agent, functions as an adhesive. This soldering flux does not 
need to be washed and can be directly utilized as an adhesive soldering 
flux. As a result, an electronic circuit module can be manufactured at low 
production cost without having to implement a flux washing process. 
Furthermore, since the soldering flux containing the adhesive resin and the 
hardening agent functions as an adhesive, a highly reliable electronic 
circuit module in that the solder joint durability is greatly increased 
compared to the prior art is achieved. 

The electronic circuit apparatus according to the present invention 
includes an electronic circuit module, a motherboard and a soldering flux. 
The electronic circuit apparatus is soldered onto the motherboard. The 
soldering flux that contains an adhesive resin and a hardening agent is 
present between the semiconductor chip and the motherboard to bond 
them to each other. This soldering flux does not need to be washed and 
can be directly utilized as an adhesive soldering flux. As a result, an 
electronic circuit apparatus can be manufactured at low production cost 



without having to implement a flux washing process. Furthermore, since 
the soldering flux containing the adhesive resin and the hardening agent 
functions as an adhesive, a highly reliable electronic circuit apparatus in 
which the solder joint durability is greatly increased compared to the prior 
art is achieved. 

The present invention further discloses a soldering method 
achieved by using the flux and the soldering paste described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 presents partial cross-sectional views illustrating a chip 
component soldering method achieved by using the flux according to the 
present invention; 

FIG. 2 presents a partial cross-sectional view illustrating the 
method adopted to conduct a component shear strength test to measure the 
strength against a shear force applied to a chip component soldered onto 
the component mounting board; 

FIG. 3 presents the results of the component shear strength test 
illustrated in FIG. 2; 

FIG. 4 presents partial cross-sectional views illustrating the 
component mounting board in detail and the soldering process 
implemented to solder a chip component onto the component mounting 
board by using a soldering paste containing the flux according to the 
present invention; 

FIG. 5 presents partial cross-sectional views illustrating the 
component mounting board in detail and the soldering process 
implemented to solder a chip component onto the component mounting 
board by using a soldering paste containing a rosin flux in the prior art; 



10 



FIG. 6 presents the results of component shear strength tests 
conducted in conjunction with the soldering method according to the 
present invention illustrated in FIG. 4 and the soldering method in the 
prior art illustrated in FIG. 5; 

FIG. 7 presents partial cross-sectional views illustrating a 
soldering method achieved by utilizing a soldering paste containing the 
flux according to the present invention; 

FIG. 8 presents a cross-sectional view taken along line 8-8 in 

FIG. 7; 

FIG. 9 presents partial cross-sectional views of a soldering 
method achieved by using a soldering paste containing a rosin flux in the 
prior art; 

FIG. 10 presents a partial cross-sectional view taken along line 
10-10 in FIG. 9; 

FIG. 11 shows the relationship between the reflow temperature 
and the component shear strength achieved by soldering a chip component 
with the soldering paste according to the present invention and the 
equivalent relationship achieved by soldering a chip component with a 
soldering paste containing a rosin flux in the prior art; 

FIG. 12 presents a partial cross-sectional view of the electronic 
circuit module according to the present invention; 

FIG. 13 presents a partial cross-sectional view illustrating the 
soldering method adopted in the electronic circuit module shown in FIG. 
12; 

FIG. 14 presents a partial cross-sectional view of another example 
of the electronic circuit module according to the present invention; 
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FIG. 15 presents a partial cross-sectional view illustrating the 
soldering method adopted in the electronic circuit module shown in FIG. 
14; 

FIG. 16 is a graph of the results of RDC measurement; 

FIG. 17 presents a partial cross-sectional view of the electronic 
circuit apparatus according to the present invention; 

FIG. 18 presents a partial cross-sectional view illustrating the 
soldering method adopted in the electronic circuit apparatus shown in 
FIG. 17; 

FIG. 19 presents a partial cross-sectional view of another example 
of the electronic circuit apparatus according to the present invention; 

FIG. 20 presents a partial cross-sectional view illustrating the 
soldering method adopted in the electronic circuit apparatus shown in 
FIG. 19; 

FIG. 21 is a graph of the results of RDC measurement; 

FIG. 22 presents a partial cross-sectional view illustrating the 
process of soldering an electronic circuit module onto the motherboard; 

FIG. 23 presents a partial cross-sectional view illustrating the step 
implemented following the step shown in FIG. 22; 

FIG. 24 presents a partial cross-sectional view illustrating the step 
implemented following the step shown in FIG. 23; 

FIG. 25 presents a partial cross-sectional view illustrating the step 
implemented following the step shown in FIG. 24; 

FIG. 26 presents a partial cross-sectional view illustrating the 
process of removing an electronic circuit module from the motherboard; 

FIG. 27 presents a partial cross-sectional view illustrating the step 
implemented following the step shown in FIG. 26; 
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FIG. 28 shows the relationships between the reflow temperature 
and the component shear strength observed when capacitors are soldered 
by using soldering paste samples 21 and 22; and 

FIG. 29 shows the relationships between the reflow temperature 
and the component shear strength observed when capacitors are soldered 
by using soldering paste samples 50 to 54. 

BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS 
1. Flux, soldering paste and application thereof in electronic 
component device 

Embodiment 1 

Bisphenol A was used to constitute the thermo-setting resin and 
an anhydride of carboxylic acid was used as a hardening agent. The 
mixing ratio of the thermo-setting resin and the hardening agent was set at 
1:1 by weight. In addition, a required degree of viscosity was assured by 
mixing in small quantities of a solvent and a thixotropic agent. 

A flux 3 prepared by adopting the composition described above 
was applied (see FIG. lb) onto a component mounting board 1 (see FIG. 
la) upon which solder bumps 21 and 22 had been deposited in advance. 
Next, as illustrated and FIG. lc, an electronic component 4 achieved as a 
1mm (length) X 0.5mm (width) chip was mounted. The electronic 
component 4 having terminal electrodes 41 and 42 provided at the two 
ends of a base body 40 to face opposite each other was mounted onto the 
component mounting board 1 so as to set the terminal electrodes 41 and 
42 on the solder bumps 21 and 22 respectively. The component mounting 
board 1 having been mounted with the electronic component 4 was 
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processed in a reflow furnace to solder-bond the terminal electrodes 41 
and 42 provided at the two ends of the base body 40 of the electronic 
component 4 to the solder bumps 21 and 22. Through this process, an 
electronic component device according to the present invention was 
obtained. The flux 3 that filled the gap formed between the electronic 
component 4 and the component mounting board 1 functioned as an 
adhesive soldering flux. The electronic component 4 and the electronic 
component device thus obtained was pushed in a lateral direction Fl as 
shown in FIG. 2 to measure the component shear strength. 

Comparison example 1 

For purposes of comparison, a component was mounted and 
soldered as shown in FIG. lc by using a rosin flux in the prior art, and 
then, the component shear strength of the soldered component was 
measured through the testing method illustrated in FIG. 2. 

FIG. 3 shows the results of the shear strength tests. As shown in 
FIG. 3, while the shear strength average achieved in comparison with 
embodiment 1, in which the rosin flux was used as in the prior art was 
approximately 800g, an approximate shear strength average of 1600g was 
achieved in embodiment 1 in which the flux according to the present 
invention was used. 

The flux filling the gap formed between the electronic component 
4 and the component mounting board 1 contains the adhesive resin and the 
hardening agent, and thus it can be used as an adhesive material. This flux 
(soldering flux) 3 does not need to be washed and can be directly utilized 
as an adhesive soldering flux. As a result, an electronic component device 
can be manufactured at low production cost without having to implement 
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a flux washing process. In addition, since the soldering flux constituted of 
the flux 3 that contains the adhesive resin and the hardening agent 
functions as an adhesive soldering flux, a highly reliable electronic 
component device achieving a far greater durability in the solder joints is 
obtained. 

Embodiment 2 

A soldering paste was prepared by mixing the flux prepared in 
embodiment 1 with soldering powder. The quantity of the flux that was 
mixed relative to the quantity of the soldering powder was set at 10wt%. 
A chip component was soldered onto a component mounting board using 
this soldering paste. FIGS. 4a through 4c present partial cross-sectional 
views, showing the component mounting board in detail and the soldering 
process through which the chip component was soldered onto the 
component mounting board. The component mounting board 1 included 
two lands formed by sequentially laminating a Cu film 51 (52), an Ni film 
61 (62) and an Au film 71 (72). 

The soldering paste 81 (82) according to the present invention 
was applied onto each land at the component mounting board 1 (see FIG. 
4a). The soldering paste 81 (82) was applied through a printing process 
implemented by using a metal mask having a lOOum thickness. The 
dimensions of the opening at the metal mask were set to 0.5mm X 
0.3mm to match the dimensions of the lands on which an electronic 
component 4 was to be mounted. 

Then, the electronic component 4 which was 1mm in length and 
0.5mm in width was mounted onto the soldering paste 81 (82) (see FIG. 
4b), and the assembly was processed in a reflow furnace to solder the 
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electronic component 4 onto the component mounting board 1 (see FIG. 
4c). Through the process described above, an electronic component device 
according to the present invention was obtained. 

Subsequently, the shear strength of the electronic component 
device was measured through the method illustrated in FIG. 2. In FIG. 4c, 
reference numeral 3 indicates the flux according to the present invention 
having been contained in the soldering paste 81 (82) and then formed 
fillets on the outer sides of the terminal electrodes 41 and 42. 

Comparison example 2 

For purposes of comparison, a soldering paste containing a rosin 
flux was used to solder a chip component onto a component mounting 
board as in the related art. The quantity of the rosin flux mixed to 
constitute the soldering paste relative to the quantity of soldering powder 
was set at 10wt%. 

FIGS. 5a through 5c present partial cross-sectional views showing 
the component mounting board in detail and the soldering process through 
which the chip component was soldered onto the component mounting 
board. As shown in the figures, the component mounting board 1 included 
two lands formed by sequentially laminating a Cu film 51 (52), an Ni film 
61 (62) and an Au film 71 (72). The soldering paste 91 (92) containing the 
rosin flux was applied onto the lands at the component mounting board 1 
(see FIG. 5a). 

Then, an electronic component 4 that was 1mm in length and 
0.5mm in width was mounted onto the soldering paste 91 (92) containing 
the rosin flux (see FIG. 5b), and the assembly was processed in a reflow 
furnace to solder the electronic component 4 onto the component 
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mounting board 1 (see FIG. 5c). Subsequently, the shear strength of the 
electronic component device was measured through the method illustrated 
in FIG. 2. 

FIG. 6 presents the results of the component shear strength test 
conducted on embodiment 2 and comparison example 2. As shown in the 
figure, while the shear strength average achieved in comparison example 2 
was approximately 600g, an approximate average strength of 1500g was 
achieved in embodiment 2. 

Embodiment 3 

A soldering paste was prepared by mixing the flux prepared in 
embodiment 1 with soldering powder. The quantity of the flux that was 
mixed relative to the quantity of the soldering powder was increased to 20 
to 45wt%. 

An electronic component 4 was soldered onto a component 
mounting board 1 using this soldering paste as illustrated in FIG. 7. To 
explain in more specific terms in reference to FIG. 7, the component 
mounting board 1 included two lands formed by sequentially laminating a 
Cu film 51 (52), an Ni film 61 (62) and an Au film 71 (72) (see FIG. 7a). 

The soldering paste 81 (82) according to the present invention 
was applied onto each land at the component mounting board 1 (see FIG. 
7a). The soldering paste 81 (82) was applied through a printing process 
implemented by using a metal mask having a lOOixm thickness. The 
dimensions of the opening at the metal mask were set to 0.5mm X 0.3mm 
to match the dimensions of the lands on which the electronic component 4 
was to be mounted. 
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Then, the electronic component 4 that was 1mm in length and 
0.5mm in width was mounted onto the soldering paste 81 (82) (see FIG. 
7b), and the assembly was processed in a reflow furnace to solder the 
electronic component 4 onto the component mounting board 1 (see FIG. 
7c). Through the process described above, an electronic component device 
according to the present invention was obtained. 

The electronic component device having undergone the soldering 
process is shown in FIG. 8. FIG. 8 is a cross-sectional view taken along 
line 8-8 in FIG. 7c. While the soldering paste in embodiment 3 contained 
the flux whose content was increased on purpose, the overall quantity of 
the solder that was actually used was reduced, and the electronic 
component 4 was soldered in a desirable state without becoming tilted, as 
shown in FIG. 8. In FIG. 7c, reference numeral 3 indicates the flux 
according to the present invention having been contained in the soldering 
paste 81 (82) that formed fillets on the outer sides of the terminal 
electrodes 41 and 42. 

In addition, the use of the soldering paste containing the flux 
according to the present invention results in the periphery of the soldered 
electronic component 4 becoming covered by the flux improving the 
component shear strength. By increasing the flux content in the soldering 
paste on purpose in this manner, it becomes possible to control the solder 
thickness with the soldering paste. In particular, it was possible to prevent 
the electronic component 4 from being soldered in a misaligned state and 
to achieve a degree of bonding strength equal to or greater than that 
achieved in an electronic component in the prior art when the flux content 
was set to 35wt% or higher. 
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Comparison example 3 
For purposes of comparison, an electronic component 4 was 
mounted and soldered onto a component mounting board 1 using a 
soldering paste containing a rosin flux, as shown in FIG. 9, as in the prior 
5 art. To explain in more specific terms in reference to FIG. 9, the 
component mounting board 1 included two lands formed by sequentially 
laminating a Cu film 51 (52), an Ni film 61 (62) and an Au film 71 (72) 
(see FIG. 9a). 

! sA The soldering paste 91 (92) containing a rosin flux was applied 

i*S 10 onto each land at the component mounting board 1 (see FIG. 9a). The 
Jij soldering paste 91 (92) was applied through a printing process 

r :jF| implemented by using a metal mask having a lOOfim thickness. The 

dimensions of the opening at the metal mask were set to 0.5mm X 0.3mm 
S to match the dimensions of the lands on which the electronic component 4 

15 was to be mounted, 
jijj Then, the electronic component 4 that was 1mm in length and 

0.5mm in width was mounted onto the soldering paste 91 (92) (see FIG. 

9b), and the assembly was processed in a reflow furnace to solder the 

electronic component 4 onto the component mounting board 1 (see FIG. 
20 9c). 

The electronic component device having undergone the reflow 
soldering process is shown in FIG. 10. FIG. 10 is a partial cross-sectional 
view taken along line 10-10 in FIG. 9c. As illustrated in FIG. 10, an 
excessive quantity of solder was used in the soldering process 
25 implemented with the soldering paste containing the rosin flux in the prior 
art, causing the electronic component 4 to be soldered in a misaligned 



19 



state. In FIG. 9c and FIG. 10, reference numeral 93 indicates the rosin flux 
having been contained in the soldering paste 91 (92). 



Embodiment 4 

Desirable compositions that could be adopted in the flux were 
examined. A liquid epoxy resin was used as the adhesive resin and abietic 
acid (carboxylic acid) was used as the hardening agent. The abietic acid 
was mixed at the weight ratios shown in TABLE I relative to the weight of 
the liquid epoxy resin. These flux samples were applied onto boards, the 
boards were then processed in a reflow furnace the temperature which was 
set to 230°C and the resulting hardened resin films were examined. 



TABLE I 





mixing ratio (wt%) 


mixed 


liquid epoxy resin 


1 


1 


1 


1 


1 


substance 


abietic acid 


0.25 


0.5 


0.75 


1 


1.5 




solvent 


10 


10 


10 


10 


10 


hardened film physical property 


not hardened 


gelled 


hardened 


hardened 


gelled 


hardened film hardness 






elastic 


hard 





As shown in TABLE I, when the mixing ratio of the abietic acid 
(wt%) to the liquid epoxy resin (wt%) was 1, a hardened film achieving a 
high degree of hardness was formed to achieve the best results. Any of the 
other mixing ratio settings in the table resulted in a failure to harden, a gel 
film or an elastic hardened film and is thus not appropriate. A desired 
hardened film (bondability) may be obtained at an arbitrary reflow 
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temperature by adjusting the mixing ratio of the epoxy resin or varying the 
quantity of the epoxy resin molecules and the number of functional groups 
and also by selecting the correct type of hardening agent (carboxylic acid) 
accordingly. 

Embodiment 5 

The flux prepared in embodiment 4 and solder powder were 
mixed to prepare a soldering paste. The soldering powder contained Sn 
(96.5) and Ag (3.5). The flux content was set at 25wt%. This soldering 
paste constitutes embodiment 5. 

FIG. 11 shows the relationship between the reflow temperature 
and the component shear strength achieved by soldering a chip component 
with the soldering paste in embodiment 5 and the corresponding 
relationship achieved by soldering a chip component with a rosin 
soldering paste, used in the related art. In the figure, the curve LI 
represents the characteristics achieved by using the soldering paste in 
embodiment 5 and the curve L2 represents the characteristics achieved by 
using the rosin soldering paste in the prior art. 

As shown in FIG. 11, the soldering paste containing the flux 
demonstrates a higher degree of bonding strength compared to the rosin 
soldering paste in the prior art over a 220 to 260°C reflow temperature 
range. A particularly high degree of bonding strength is assured when the 
reflow temperature is set to 230° C or higher. 

Embodiment 6 

The soldering paste in embodiment 5 was used to solder a chip 
component onto a component mounting board, thereby obtaining an 
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electronic component device according to the present invention. An 
examination of the bondability between the component mounting board 
and terminal electrodes of the chip component conducted subsequently 
indicated that the soldering paste containing the flux achieves bondability 
similar to that of the rosin soldering paste. It is to be noted that when an 
evaluation similar to that made on the flux-containing soldering paste was 
performed on a conductive adhesive and an anisotropic conductive paste 
used in the prior art, it was confirmed that the component mounting board 
and the terminal of the component could not be bonded to each other. 

While the electronic component 4 is mounted onto one surface of 
the component mounting board 1 in the embodiment described above, 
electronic components 4 may be mounted on the two surfaces of the 
component mounting board 1. In such a case, after executing a soldering 
process using the soldering paste according to the present invention at one 
surface of the component mounting board 1, an electronic component 4 
may be soldered onto the other surface of the component mounting board 
1 with a solder other than the soldering paste according to the present 
invention, e.g., a rosin soldering paste used in the prior art. Alternatively, 
the electronic components 4 may be soldered onto both surfaces of the 
component mounting board 1 with the soldering paste according to the 
present invention. In either case, problems such as the electronic 
component 4 becoming shifted, the Manhattan phenomenon (the raised 
component phenomenon) and the electronic component 4 falling off do 
not occur. 

2. Application in electronic circuit modules 



22 



The electronic circuit module according to the present invention 
does not have any substantial difference from the electronic component 
device explained earlier except that the electronic component is replaced 
by a semiconductor chip and that the component mounting board is 
5 replaced by a chip mounting board in the electronic circuit module. In 
other words, the basic structure assumed in the electronic circuit module 
according to the present invention is essentially the structure disclosed 
with regard to the electronic component device. No specific restrictions 
V*. are imposed with regard to the semiconductor chip used in the electronic 

S 10 circuit module. A semiconductor chip normally includes a semiconductor 

c6 

■,?\ element (not shown) or a passive circuit element. It goes without saying 

eri that the present invention may be adopted in an electronic circuit module 

referred to as a chip-size package (CSP) as well. 

Q 

J FIG. 12 presents a partial cross-sectional view of the electronic 

jT.isf| 

m 15 circuit module according to the present invention. The electronic circuit 
f|J module in the figure includes a semiconductor chip 100, a chip mounting 

board 200 and a soldering flux 400. At the semiconductor chip 100 in the 
figure, an appropriate number of terminal electrodes 110 and 120 are 
formed at appropriate positions at the lower surface or the like, and these 
20 terminal electrodes 110 and 120 are bonded to lands 230 and 240 on the 
chip mounting board 200 with solders 210 and 220 respectively. 

The chip mounting board 200 may be constituted of a ceramic 
substrate, an organic resin substrate or through a combination thereof. 
Inside the chip mounting board 200, a single conductor pattern layer or a 
25 plurality of conductor pattern layers, via holes provided along the 
thicknesswise direction and the like are formed under normal 
circumstances. A conductor pattern may be provided to constitute a 
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capacitor, an inductor or the like as well as simply to facilitate circuit 
wiring. 

The soldering flux 400 that contains an adhesive resin and a 
hardening agent is present between the semiconductor chip 100 and the 
chip mounting board 200 to bond them to each other. The soldering flux 
400 is used as an adhesive. 

In the embodiment shown in the figure, the soldering flux 400 
fills the gap between the semiconductor chip 100 and the chip mounting 
board 200 almost completely. 

As explained earlier, the soldering flux 400 does not need to be 
washed and can be directly utilized as an adhesive. As a result, an 
electronic circuit module can be manufactured at low production cost 
without having to implement a flux washing process. In addition, since the 
soldering flux that contains the adhesive resin and the hardening agent 
functions as an adhesive, a highly reliable electronic circuit module 
achieving a far greater durability in the solder joints is obtained. 

FIG. 13 illustrates the soldering method adopted in an electronic 
circuit module such as the CSP (chip-size package) shown in FIG. 12. 
This soldering method is achieved by adopting the soldering method 
illustrated in FIG. 1 in conjunction with an electronic circuit module. As 
explained earlier, the flux 400 containing the adhesive resin and the 
hardening agent is applied onto the chip mounting board 200 at that the 
solder bumps 210 and 220 have been formed in advance. The solder 
bumps 210 and 220 are formed on lands 230 and 240 provided at the 
surface of the chip mounting board 200. The details of the soldering flux 
400 have already been explained. 
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Then, the semiconductor chip 100 is mounted onto the chip 
mounting board 200. The semiconductor chip 100 is set on the chip 
mounting board 200 so as to position the terminal electrodes 110 and 120 
on the solder bumps 210 and 220. Subsequently, the chip mounting board 
200 having the semiconductor chip 100 mounted thereupon is processed 
in a reflow furnace to bond the terminal electrodes 110 and 120 provided 
at the two ends of a base body 40 of the semiconductor chip 100 to the 
solder bumps 210 and 220 through soldering. Through this process, the 
electronic circuit module shown in FIG. 12 is obtained. 

FIG. 14 is a partial cross-sectional view of another example of the 
electronic circuit module according to the present invention. In the figure, 
the same reference numerals are assigned to parts identical to those shown 
in FIG. 12. In the embodiment presented in FIG. 14, the soldering flux 
400 that is present between the semiconductor chip 100 and the chip 
mounting board 200 bonds them together around the solder bumps 210 
and 220. 

In this case, too, the soldering flux 400 does not need to be 
washed and can be directly utilized as an adhesive. As a result, an 
electronic circuit module can be manufactured at low production cost 
without having to implement a flux washing process. In addition, since the 
soldering flux that contains the adhesive resin and the hardening agent 
functions as an adhesive, a highly reliable electronic circuit module 
achieving a far greater durability in the solder joints is obtained. 

FIG. 15 illustrates the soldering method adopted in the electronic 
circuit module shown in FIG. 14. This soldering method is achieved by 
adopting the soldering method shown in FIGS. 4, 5, 7 and 8 in conjunction 
with an electronic circuit module. The flux 410 and 420 containing the 
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soldering powder achieving the composition described earlier is applied 
onto the lands 230 and 240 formed in advance at the surface of the chip 
mounting board 200. 

Then, the semiconductor chip 100 is mounted on the chip 
mounting board 200. The semiconductor chip 100 is set on the chip 
mounting board 200 so as to position the terminal electrodes 110 and 120 
on the flux 410 and 420 containing the soldering powder. The chip 
mounting board 200 having the semiconductor chip 100 mounted 
thereupon is processed in a reflow furnace to bond the terminal electrodes 
110 and 120 provided at the two ends of the semiconductor chip 100 
through soldering by using the solder element included in the flux 410 and 
420 containing the soldering powder. 

In a bonded state, the adhesive resin and the hardening agent 
included in the flux 410 and 420 containing the soldering powder are 
present between the semiconductor chip 100 and the chip mounting board 
200 to bond them together around the solder bumps 210 and 220. Through 
the process described above, the electronic circuit module shown in FIG. 
14 is obtained. By increasing the quantities of the flux 410 and 420 
containing the soldering powder used in the method illustrated in FIG. 15, 
the soldering flux 400 can be made to fill the gap between the 
semiconductor chip 100 and the chip mounting board 200 almost 
completely as shown in FIG. 12. Next, an explanation is given in 
reference to a specific embodiment and comparison example. 

Embodiment 7 

First, a soldering paste containing a thermo-setting flux achieving 
the following composition was prepared. 
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Flux: obtained by mixing bisphenol A resin and phthalic 
anhydride at a mass ratio of 1:1 and then adding a solvent at 10mass% 
Soldering powder: Sn - 3.5 Ag 

The flux was added into the soldering powder at a rate of 
10mass%. The composition of the soldering powder can be selected in 
correspondence to the reflow temperature, and thus, another type of 
composition may be adopted. In addition, the quantity of the flux to be 
added, too, can be freely set. 

The soldering paste containing the thermo-setting flux described 
above was applied onto an organic chip mounting board through screen 
printing. A screen with a metal mask thickness of 100[xm was used in the 
screen printing process. 

Next, a semiconductor chip having solder bumps formed 
thereupon in advance was mounted on the organic chip mounting board 
and the organic chip mounting board was then processed in a reflow 
furnace. The maximum reflow temperature during the furnace process was 
set to 240°C and the length of time over which the process was performed 
at 220°C or higher was set to 30 seconds. 

Comparison example 7 
For purposes of comparison, products of the known art were 
prepared by using a sealant and also without using a sealant. 

(Tests) 

The electronic circuit module achieved in embodiment 7 and the 
two types of electronic circuit modules in the related art underwent 
thermal shock tests. The thermal shock tests were each conducted over 
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2000 cycles, with the temperature sustained at -55 °C over 0.5 hours and 
then sustained at + 125°C over 0.5 hours during each cycle. Then, the DC 
resistances (RDCs) at the soldered connector portions were measured. 

FIG. 16 presents a graph of the results of the RDC measurement. 
5 In FIG. 16, the horizontal axis represents the number of thermal shock 
cycles and the vertical axis represents the RDC. The characteristics Lll 
were achieved by the prior art product prepared without using a sealant, 
the characteristics L12 were achieved by the prior art product prepared by 
using a sealant and the characteristics L13 were achieved by embodiment 

Q 10 7 of the present invention. 

K| 

CC| As the characteristics Lll in FIG. 16 indicate, the RDC increased 

Q drastically in the prior art product prepared without using a sealant once 

m 

%| the number of cycles in the thermal shock test exceeded 1500, manifesting 

Q a deterioration in the RDC. No such deterioration in the RDC was 

Sat- 

O 15 observed in embodiment 7 according to the present invention even after 

m 

Q the number of cycles exceeded 2000, as indicated by the characteristics 

fu 

L13. These characteristics L13 are equivalent to the characteristics L12 
achieved in the prior art product by using a sealant. 

3. Application in electronic circuit apparatuses 

20 The electronic circuit apparatus according to the present invention 

does not have any substantial difference from the electronic component 
device explained earlier except that the electronic component is replaced 
by an electronic circuit module and that the component mounting board is 
replaced by a motherboard in the electronic circuit apparatus. In other 

25 words, the basic structure assumed in the electronic circuit apparatus 
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according to the present invention is essentially the structure disclosed in 
reference to the electronic component device. 

FIG. 17 presents a partial cross-sectional view of the electronic 
circuit apparatus according to the present invention. The electronic circuit 
apparatus in the figure includes an electronic circuit module 300, a 
motherboard 500 and a soldering flux 600. 

While the electronic circuit module 300 may be an electronic 
circuit module of the existing art, it is desirable to utilize an electronic 
circuit module assuming the structure illustrated in FIG. 12 or 14. At the 
electronic circuit module 300, an appropriate number of terminal 
electrodes 250 and 260 are formed at appropriate positions at the lower 
surface thereof for instance, and these terminal electrodes 250 and 260 are 
bonded to lands 530 and 540 on the motherboard 500 with solder bumps 
510 and 520 respectively. 

The motherboard 500 may be constituted of a ceramic substrate, 
an organic resin substrate or through a combination thereof. Inside the 
motherboard 500, a single conductor pattern layer or a plurality of 
conductor pattern layers, via holes provided along the thicknesswise 
direction and the like may be formed. A conductor pattern is provided to 
constitute a capacitor, an inductor or the like or simply to facilitate circuit 
wiring. 

The soldering flux 600 that contains an adhesive resin and a 
hardening agent, is present between the electronic circuit module 300 and 
the motherboard 500 to bond them to each other. The soldering flux 600 is 
used as an adhesive. In the embodiment shown in the figure, the soldering 
flux 600 fills the gap between the electronic circuit module 300 and the 
motherboard 500 almost completely. 
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The soldering flux 600 does not need to be washed and can be 
directly utilized as an adhesive. As a result, an electronic circuit apparatus 
can be manufactured at low production cost without having to implement 
a flux washing process. In addition, since the soldering flux that contains 
the adhesive resin and the hardening agent functions as an adhesive, a 
highly reliable electronic circuit apparatus achieving a far greater 
durability in the solder joints is obtained. 

FIG. 18 illustrates the soldering method adopted in the electronic 
circuit apparatus shown in FIG. 17. This soldering method is achieved by 
adopting the soldering method illustrated in FIG. 1 in conjunction with an 
electronic circuit apparatus. As explained earlier, the flux 600 containing 
the adhesive resin and the hardening agent is applied onto the 
motherboard 500 at which the solder bumps 510 and 520 have been 
formed in advance. The flux 600 does not contain any soldering powder. 

The solder bumps 510 and 520 are formed on the lands 530 and 
540 provided at a surface of the motherboard 500. Then, the electronic 
circuit module 300 is mounted onto the motherboard 500. The electronic 
circuit module 300 is set on the motherboard 500 so as to position the 
terminal electrodes 250 and 260 on the solder bumps 510 and 520. 
Subsequently, the motherboard 500 having the electronic circuit module 
300 mounted thereupon is processed in a reflow furnace to bond the 
terminal electrodes 250 and 260 provided at the electronic circuit module 
300 to the solder bumps 510 and 520 through soldering. Through this 
process, the electronic circuit apparatus shown in FIG. 17 is obtained. 

FIG. 19 is a partial cross-sectional view of another example of the 
electronic circuit apparatus according to the present invention. In the 
figure, the same reference numerals are assigned to parts identical to those 
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shown in FIG. 17. In the embodiment presented in FIG. 19, the soldering 
flux 600 that is present between the electronic circuit module 300 and the 
motherboard 500 bonds them together around the solder bumps 510 and 
520. 

In this case, too, the soldering flux 600 does not need to be 
washed and can be directly utilized as an adhesive. As a result, an 
electronic circuit apparatus can be manufactured at low production cost 
without having to implement a flux washing process. In addition, since the 
soldering flux 600 that contains the adhesive resin and the hardening agent 
in addition to the soldering powder, functions as an adhesive, a highly 
reliable electronic circuit apparatus achieving a far greater durability in the 
solder joints is obtained. 

FIG. 20 illustrates the soldering method adopted in the electronic 
circuit apparatus shown in FIG. 19. This soldering method is achieved by 
adopting the soldering method shown in FIGS. 4 through 8 in conjunction 
with an electronic circuit apparatus. The flux 610 and 620 containing the 
soldering powder achieving the composition described earlier is applied 
onto the lands 530 and 540 formed in advance at the surface of the 
motherboard 500. Then, the electronic circuit module 300 is mounted on 
the motherboard 500. The electronic circuit module 300 is set on the 
motherboard 500 so as to position the terminal electrodes 250 and 260 on 
the flux 610 and 620 containing the soldering powder. 

Next, the motherboard 500 having the electronic circuit module 
300 mounted thereupon is processed in a reflow furnace to bond the 
terminal electrodes 250 and 260 provided at the electronic circuit module 
300 through soldering by using the solder element included in the flux 610 
and 620 containing the soldering powder. The adhesive resin and the 
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hardening agent included in the flux 610 and 620 containing the soldering 
powder are present between the electronic circuit module 300 and the 
motherboard 500 to bond them together around the solder bumps 510 and 
520. Through the process described above, the electronic circuit apparatus 
shown in FIG. 19 is obtained. By increasing the quantities of the flux 610 
and 620 containing the soldering powder used in the method illustrated in 
FIG. 20, the soldering flux 600 can be made to fill the gap between the 
electronic circuit module 300 and the motherboard 500 almost completely 
as shown in FIG. 17. Next, an explanation is given in reference to specific 
embodiments and comparison examples. 

Embodiment 8 

First, a soldering paste containing a thermo-setting flux achieving 
the following composition was prepared. 

Flux: obtained by mixing bisphenol A resin and phthalic 
anhydride at a mass ratio of 1:1 and then adding a solvent at 10mass% 

Soldering powder: Sn - 3.5 Ag 

The flux was added into the soldering powder at a rate of 
10mass%. The composition of the soldering powder can be selected in 
correspondence to the reflow temperature, and thus, another type of 
composition may be adopted. In addition, the quantity of the flux to be 
added, too, can be freely set. 

The motherboard was constituted by using an organic 
motherboard. The electronic circuit module was constituted by mounting a 
semiconductor chip on an organic chip mounting board. The surfaces of 
the terminal electrodes provided at the lower surface of the organic chip 
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mounting board were processed through an Au plating process so as to 
allow them to be soldered to the organic motherboard. 

The soldering paste containing the thermo-setting flux described 
above was applied onto the organic chip mounting board through screen 
printing. A screen with a metal mask thickness of lOOum was used in the 
screen printing process. 

Next, the electronic circuit module was mounted on the organic 
motherboard and the organic motherboard was then processed in a reflow 
furnace. The maximum reflow temperature during the furnace process was 
set to 240°C and the length of time over which the process was performed 
at 220°C or higher was set to 30 seconds. 

Embodiment 9 

An electronic circuit apparatus was manufactured by using a 
ceramic substrate to constitute the chip mounting board of the electronic 
circuit module, by following the procedure taken in embodiment 8. 

Comparison example 8 
An electronic circuit module having a chip mounting board 
constituted of an organic material was soldered to an organic motherboard 
with a flux of the related art. The surfaces of the terminal electrodes 
provided at the lower surface of the organic chip mounting board were 
processed through an Au plating process so as to allow them to be 
soldered to the organic motherboard. 

Comparison example 9 
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An electronic circuit module having a chip mounting board 
constituted of a ceramic material was soldered to an organic motherboard 
with a flux of the related art. The surfaces of the terminal electrodes 
provided at the lower surface of the ceramic chip mounting board were 
processed through an Au plating process so as to allow them to be 
soldered to the organic motherboard. 

(Tests) 

The electronic circuit modules achieved in embodiments 8 and 9 
and the two types of electronic circuit modules in the related art prepared 
in comparison examples 8 and 9 underwent thermal shock tests. The 
thermal shock tests were conducted over 2000 cycles, with the 
temperature sustained at -55 °C over 0.5 hours and then sustained at + 
125°C over 0.5 hours during each cycle. Then, the DC resistances (RDCs) 
at the soldered connector portions were measured. 

FIG. 21 presents a graph of the results of the RDC measurement. 
In FIG. 21, the horizontal axis represents the number of thermal shock 
cycles and the vertical axis represents the RDC. The characteristics L21 
were achieved in comparison example 9 and the characteristic L22 were 
achieved in embodiments 8 and 9 and comparison example 8. 

In FIG. 21, the RDC measured in comparison example 9 with a 
ceramic material constituting the chip mounting board of the electronic 
circuit module and an organic material constituting the motherboard 
increased drastically, manifesting deterioration in the RDC once the 
number of test cycles exceeded 1000 as indicated by the characteristics 
L21. In contrast, embodiments 8 and 9 of the present invention did not 
manifest any deterioration in the RDC even when the number of test 
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cycles exceeded 2000 cycles as indicated by the characteristics L22. It is a 
point of special interest to be noted that while a pronounced RDC 
deterioration results when an electronic circuit module in the prior art 
having a chip mounting board constituted of a ceramic substrate and a 
motherboard constituted of an organic resin substrate (see the 
characteristics L21) are used in combination, it is possible to prevent such 
an RDC deterioration even in the same substrate combination by adopting 
the present invention (see the characteristics L22) as the comparison of the 
characteristics L22 representing embodiment 9 and the characteristics L21 
representing comparison example 9 clearly indicates. 

As described earlier, an electronic component is bonded onto a 
component mounting board with the adhesive resin contained in the flux 
according to the present invention. Then, when the electronic component 
has been bonded to the component mounting board, the assembly 
undergoes an inspection process during which the soldering state is 
inspected. If the solder is defective, it is desirable to disengage the 
electronic component from the component mounting board to re-solder the 
electronic component onto the component mounting board. If the 
electronic component cannot be separated from the component mounting 
board, the electronic component and the component mounting board must 
be discarded, that leads to an increase in production cost and a reduction 
in yield. Accordingly, it is desirable to constitute the flux and the 
soldering paste according to the present invention so as to allow the 
soldered electronic component to be separated from the component 
mounting board. 

In addition, the use of Pb-free solders has become common in 
recent years as part of the effort made to protect the global environment 
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and solder elements achieving various compositions are used in such 
Pb-free solders. Since solder elements with different compositions have 
varying melting points, the reflow temperature must be adjusted in 
conformance to the composition of the solder element in use. For this 
reason, it is necessary to develop a technology that makes it possible to set 
the adhesive resin in correspondence to a given reflow temperature setting. 

While an explanation is given above on an example in that an 
electronic component is soldered onto a component mounting board, the 
same concept applies when soldering a semiconductor chip to a chip 
mounting board and when soldering an electronic circuit module onto a 
motherboard. 

Next, the compositions of the flux and the soldering paste that 
address the concerns discussed above are disclosed. Namely, the 
hardening agent in the flux should contain at least two types of carboxylic 
acids having melting points different from each other. The carboxylic acid 
with the lower melting point functions as a hardening agent at the reflow 
temperature. The carboxylic acid with the higher melting point, on the 
other hand, lowers the viscosity of the adhesive resin at a repair 
temperature set higher than the reflow temperature. 

Since the viscosity of the adhesive resin is lowered by raising the 
temperature of the flux to a level approximately matching the repair 
temperature to cause the carboxylic acid with the higher melting point to 
melt, the electronic component can be separated from the component 
mounting board. As a result, it is possible to re-solder the electronic 
component as in the prior art in which a rosin flux is used, while retaining 
the bonding function. An adhesive flux adopting such a composition is 
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particularly beneficial when soldering large, expensive packages such as 
electronic circuit modules. 

In addition, when carboxylic acids with different melting points 
are mixed, it is possible to vary the thermo-setting temperature of the 
adhesive resin. This allows the adhesive resin to be hardened at a given 
reflow temperature, thereby making it possible to adjust the reflow 
temperature in conformance to the melting points of the solder elements 
that are used. 

Furthermore, by combining various carboxylic acids or changing 
the mixing ratio thereof, too, the thermo-setting temperature of the 
adhesive resin can be adjusted, to achieve similar effects and advantages. 

Next, the soldering paste should contain the flux assuming the 
composition described above and soldering powder. As a result, the 
soldering paste, too, achieves effects and advantages similar to those 
realized in the flux assuming the composition described above. The effects 
and advantages are now explained in more specific terms in reference to 
test data. 

Test 1: repairability achieved by combining a plurality of carboxylic acids 
First, test 1 was conducted to obtain a flux and a soldering paste 
achieving outstanding repairability. In tests 1, bisphenol A was used as the 
thermo-setting resin. The hardening agent was constituted by using two 
different carboxylic acids, and more specifically, by using adipic acid and 
pimelic acid. Both adipic acid and pimelic acid belong to the carboxylic 
acid group. Adipic acid and pimelic acid have different melting points. 
More specifically, the melting point of adipic acid is 153°C, whereas the 
melting point of pimelic acid is 279°C. Bisphenol A, adipic acid and 
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pimelic acid were mixed at the mixing ratios (mass%) listed in TABLE II 
below to prepare flux samples 1 through 4. The ratio of the adipic acid 
content a (mass%) and the pimelic acid content b (mass%) is varied within 
a range expressed as a : b = (50: 50) to (95 : 5) when a + b = 100 among 
flux samples 1 through 4. Bisphenol A and adipic acid were mixed at the 
mixing ratio (mass%) in TABLE II below to prepare flux sample 5. 



TABLE II 





sample 1 


sample 2 


sample 3 


sample 4 


sample 5 


mixing 


bisphenol A 


1 


1 


1 


1 


1 


ratio (mass%) 


adipic acid 


0.5 


0.75 


0.85 


0.95 


1 




pimelic acid 


0.5 


0.25 


0.15 


0.05 


0 



Next, soldering pastes were prepared by mixing soldering powder 
into flux samples 1 through 5 prepared as described above. The soldering 
powder was constituted of Sn-3.5Ag. The composition of the soldering 
powder can be selected in correspondence to the reflow temperature, and 
soldering powder assuming a composition other than that used in this 
example may be adopted. The quantity of the flux that was mixed relative 
to the quantity of the soldering powder to constitute a soldering paste was 
set at 25mass%. However, the quantity of the flux that is mixed in, too, 
can be set freely. 

An electronic circuit module was soldered onto a motherboard 
using each of the soldering pastes assuming the compositions described 
above. FIGS. 22 through 25 present partial cross-sectional views 
illustrating the process through which the electronic circuit module was 
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soldered onto the motherboard. In the figures, the same reference 
numerals are assigned to portions identical to those shown in FIG. 19. 

As shown in FIG. 22, lands 530 and 540 were provided at the 
motherboard 500. The motherboard 500 may be constituted of a ceramic 
substrate, an organic resin substrate or a material achieved through a 
combination thereof. The motherboard 500 in the figure is constituted of 
an organic resin substrate. 

As shown in FIG. 23, a soldering paste 610 and 620 achieved in 
embodiment 10 was applied onto the lands 530 and 540 at the 
motherboard 500. The soldering paste 610 and 620 was applied through a 
printing process implemented by using a metal mask. 

Then, as shown in FIG. 24, an electronic circuit module 300 was 
mounted onto the motherboard 500. The electronic circuit module 300 in 
the figure assumed a structure similar to that of the electronic circuit 
module shown in FIG. 12. The electronic circuit module 300 was a CSP 
(chip-size package) electronic circuit module that is referred to as an 
LGA-structured product. The chip mounting board 200 of the electronic 
circuit module 300 is a ceramic substrate. As illustrated in FIG. 24, the 
electronic circuit module 300 was set on the motherboard 500 so as to 
position terminal electrodes 250 and 260 onto the soldering paste 610 and 
620. 

Next, the motherboard 500 mounted with the electronic circuit 
module 300 was processed in a reflow furnace to bond the terminal 
electrodes 250 and 260 provided at the electronic circuit module 300 with 
the soldering elements contained in the soldering paste 610 and 620. The 
adhesive resin and the hardening agent included in the soldering paste 610 
and 620 were present between the electronic circuit module 300 and the 
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motherboard 500 to bond them together around the solder bumps 510 and 
520. As a result, an electronic circuit apparatus according to the present 
invention was obtained as shown in FIG. 25. In FIG. 25, reference 
numeral 600 indicates the flux achieved in embodiment 10 that was 
contained in the soldering paste 610 (620), and subsequently formed fillets 
on the outer sides of the terminal electrodes 250 and 260. 

As explained earlier, the flux 600 contained the adhesive resin 
and the hardening agent. The hardening agent contained adipic acid and 
pimelic acid having melting points different from each other. Adipic acid 
with the lower melting point functioned as a hardening agent at the reflow 
temperature. Pimelic acid with the higher melting point lowered the 
viscosity of the adhesive resin at the repair temperature set higher than the 
reflow temperature. 

The following is a detailed explanation of the individual flux 
samples 1 through 5. When flux sample 5 was used, adipic acid contained 
in the flux became melted, causing the solder to melt during the reflow 
furnace process. As a result, the lands formed at the motherboard and the 
terminal electrodes at the electronic circuit module became bonded to each 
other. 

When flux samples 1 and 2 were used, the solder did not melt 
during the reflow furnace process due to the pimelic acid hardening 
process contained in the fluxes that continued in the reflow furnace. As a 
result, the lands at the motherboard and the terminal electrodes at the 
electronic circuit module failed to bond to each other. 

When flux samples 3 and 4 were used, adipic acid contained in 
the flux became melted, causing the solder to melt during the reflow 
furnace process. As a result, the lands 530 and 540 formed at the 
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motherboard 500 and the terminal electrodes 250 and 260 at the electronic 
circuit module 300 became bonded to each other. 

FIGS. 26 and 27 present partial cross-sectional views illustrating 
the process through which the electronic circuit module is separated from 
comparedthe motherboard. As shown in FIG. 26, hot air is blown onto the 
flux 600 to raise the temperature of the flux 600 to approximately match 
the repair temperature, thereby causing the pimelic acid with the higher 
melting point to become melted and thus lowering the viscosity of the 
adhesive resin. Consequently, the electronic circuit module 300 can be 
separated from the motherboard 500 as illustrated in FIG. 27. 

As a result, it becomes possible to re-solder the electronic circuit 
module 300 as in the prior art in that a rosin flux is used, while sustaining 
the adhesive function. The adhesive flux assuming such a composition is 
particularly advantageous in application in that an expensive electronic 
circuit module 300 such as a large package is soldered. In addition, the 
repair process can be executed using the adhesive flux at a similar level of 
ease of work compared to that in the prior art. 

The repair process is now explained in detail. Repair tests were 
conducted on flux samples 3 through 5 that enabled reflow mounting 
among flux samples 1 through 5. In the repair tests, hot air achieving a 
temperature of approximately 300°C was blown into the area where the 
chip mounting board 200 of the electronic circuit module 300 and the 
motherboard 500 were bonded to each other. 

Flux sample 5 bonding the chip mounting board of the electronic 
circuit module and the motherboard to each other first become softened 
but was caused to hardened again by the hot air. As a result, the electronic 
circuit module could not be peeled off the motherboard. 
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When hot air was blown into the area where the chip mounting 
board 200 of the electronic circuit module 300 and the motherboard 500 
were bonded to each other by using the flux 600 in sample 3 or 4, pimelic 
acid contained in the flux 600 became melted again, and thus, it was 
possible to peel off the electronic circuit module 300 from the 
motherboard 500. 

This leads to the conclusion that in order to enable repair work to 
soldered electronic circuit module 300, pimelic acid having a melting 
point that is close to the repair temperature should be mixed in addition to 
adipic acid, that is used to harden the adhesive resin. When the pimelic 
acid melts at the repair temperature, the viscosity of the adhesive resin is 
reduced. Consequently, the electronic circuit module 300 having been 
soldered onto the motherboard 500 can be separated from the motherboard 
500 for repair. 

The results of test 1 described above indicate that it is desirable to 
add pimelic acid for repair purposes at 15 mass% to 5 mass% relative to 
the content of adipic acid to be used to harden the adhesive resin. Namely, 
the adipic acid content a (mass%) and the pimelic acid content b (mass%) 
should satisfy a : b = (85:15) to (95:5) when a + b = 100. 

The soldering process was implemented using the soldering 
pastes obtained by mixing the fluxes prepared in test 1 with soldering 
powder. However, similar effects and advantages may be achieved in a 
soldering process implemented by applying the fluxes prepared in test 1 
onto a substrate having solder bumps formed thereupon instead. 

The electronic component device according to the present 
invention does not have any substantial difference from the electronic 
circuit apparatus described earlier except that the electronic circuit module 
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is replaced by an electronic component and the motherboard is replaced 
by a component mounting board in the electronic component device. In 
other words, the basic structure assumed in the electronic component 
device according to the present invention is essentially the same as that 
disclosed in reference to the electronic circuit apparatus. 

Likewise, the electronic circuit module according to the present 
invention does not have any substantial difference from the electronic 
circuit apparatus described earlier except that the electronic circuit module 
is replaced by a semiconductor chip and the motherboard is replaced by a 
chip mounting board in the electronic circuit module. In other words, the 
basic structure assumed in the electronic circuit module according to the 
present invention is essentially the same as that disclosed in reference to 
the electronic circuit apparatus. Next, the following tests 2 through 5 were 
conducted to achieve variance in the reflow temperature. 

Test 2: thermo-setting characteristics of fluxes containing a single 
carboxylic acid. 

First, the thermo-setting characteristics of fluxes each prepared by 
mixing in a single carboxylic acid as a hardening agent were examined 
through test 2. The thermo-setting resin was constituted of bisphenol A. 
The hardening agent in each of the fluxes was constituted of one of adipic 
acid, maleic acid, succinic acid and pimelic acid, as shown in TABLE III 
below. Each flux was prepared by mixing the thermo-setting resin and the 
hardening agent at a mass ratio of 1:1. 2g of each of the fluxes thus 
prepared was applied onto a Cu plate, the Cu plate was then processed in a 
reflow furnace at 240°C and the behaviors of the films formed on the Cu 
plates were compared with one another. 
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TABLE III 





sample 11 


sample 12 


sample 13 


sample 14 


thermo-setting resin 


bisphenol A 


bisphenol A 


bisphenol A 


bisphenol A 


hardening agent 


adipic acid 


maleic acid 


succinic acid 


pimelic acid 


melting point of 
hardening agent 


153°C 


133°C 


188°C 


279°C 


film behaviour 


gelled 


hardened at room temperature 


hardened 


hardened 



As shown in TABLE III, flux samples 11 and 12 that manifested 
gelling of the film or hardening of the film at room temperature, are not 
desirable. In contrast, flux samples 13 and 14, that allowed the films to 
harden in the reflow furnace process, achieved desirable results. 

Through a comparison of the extents to which the process of 
hardening progressed in flux samples 11 through 14, it was confirmed that 
the process of thermo-setting is further promoted as the melting point of 
the hardening agent becomes higher with the hardening process of the 
flux-containing adipic acid as the hardening agent (sample 11) slowed 
down to the greatest degree. If adipic acid and succinic acid are mixed 
together to constitute a hardening agent, a harder film is obtained by 
increasing the mixing ratio of the succinic acid. 

Test 3: variance in reflow temperature achieved by mixing a plurality of 
carboxylic acids 

Based upon the results of test 2 described above, the variance in 
the reflow temperature achieved by mixing adipic acid and succinic acid 
was examined. Bisphenol A was used as the thermo-setting resin. The 
hardening agent was constituted by using two carboxylic acids, i.e. adipic 
acid and succinic acid. Both adipic acid and succinic acid belong to the 
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carboxylic acid group. The melting points of adipic acid and succinic acid 
are different from each other. More specifically, the melting point of 
adipic acid is 153°C, whereas the melting point of succinic acid is 188°C. 
Bisphenol A, adipic acid and succinic acid were mixed at a mass ratio of 
1: 0.5 : 0.5 to prepare a flux. 

Next, the prepared flux was mixed with soldering powder to 
prepare a soldering paste. The soldering powder was constituted of 
Sn-3.5Ag, and the quantity of the flux that was mixed relative to the 
quantity of the soldering powder was 15 mass%. Hereafter, this soldering 
paste is referred to as soldering paste sample 22. The composition of the 
soldering powder may be selected in conformance to the reflow 
temperature, and thus, the soldering powder may assume a composition 
other than that described above. The quantity of the flux that is mixed, too, 
can be freely set. 

In addition, bisphenol A and adipic acid were mixed at a mass 
ratio of 1:1 to prepare a flux. Then, the flux thus prepared was mixed with 
soldering powder to prepare a soldering paste. As in the case of soldering 
paste sample 22, the soldering powder was constituted of Sn-3.5Ag and 
the quantity of the flux that was mixed relative to the quantity of the 
soldering powder was set at 15 mass%. Hereafter, this soldering paste is 
referred to as soldering paste sample 21. 

FIG. 28 shows relationships between the reflow temperature and 
the component shear strength observed when capacitors were soldered 
using soldering paste samples 21 and 22. Two different types of test 
capacitors, i.e., 1005-size STD terminal capacitors and 1005-size CSB 
terminal capacitors, were used in the test. An STD terminal capacitor 
includes terminals formed at the two side surfaces of the capacitor element 
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assembly. A CSB terminal capacitor includes terminals formed at the two 
ends of the bottom surface of the capacitor element assembly. 

In FIG. 28, the characteristics L31 were achieved by using 
soldering paste sample 21 to solder STD terminal capacitors, 
characteristics L32 were achieved by using soldering paste sample 22 to 
solder STD terminal capacitors, the characteristics L41 were achieved by 
using soldering paste sample 21 to solder CSB terminal capacitors and 
characteristics L42 were achieved by using soldering paste sample 22 to 
solder CSB terminal capacitors. The component shear strength was 
measured through the method illustrated in FIG. 2. 

As shown in FIG. 28, when soldering STD terminal capacitors, a 
degree of component shear strength equivalent to that realized with 
soldering paste sample 21 (see the characteristics L31) was achieved by 
using soldering paste sample 22 (see the characteristics L32) at a lower 
reflow temperature. 

In addition, when soldering CSB terminal capacitors, a degree of 
component shear strength equivalent to that realized with soldering paste 
sample 21 (see the characteristics L41) was achieved by using soldering 
paste sample 22 (see the characteristics L42) at a lower reflow 
temperature. For instance, assuming that 0.9kg of component shear 
strength is required, the reflow temperature must be set to 224 to 230 °C 
in conjunction with soldering paste sample 21 (see the characteristics 
L41), whereas the reflow temperature only needs to be set to 217 to 221 °C 
when soldering paste sample 22 (see the characteristics L42) is used to 
achieve the required component shear strength. 

As explained above, by mixing carboxylic acids (adipic acid and 
succinic acid) with melting points different from each other, the variance 
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in thermosetting temperature of the adhesive resin (bisphenol A) can be 
achieved. As a result, it becomes possible to harden the adhesive resin 
(bisphenol A) at a desired reflow temperature, that means that the reflow 
temperature can be adjusted in correspondence to the melting point of the 
solder element that is used. Thus, the reflow temperature does not need to 
be fixed to a specific value. 

In addition, the thermo-setting temperature of the adhesive resin 
(bisphenol A) can also be varied by using a different combination of 
carboxylic acids in the mixture (adipic acid and succinic acid) to achieve 
similar effects and advantages. For instance, by switching to a 
combination of adipic acid and pimelic acid from the combination of 
adipic acid and succinic acid, the thermo-setting temperature of the 
adhesive resin (bisphenol A) is changed. 

Test 4: variance in reflow temperature achieved through adjustment of 
carboxylic acid mixing ratio 

Next, the variance in the reflow temperature achieved by 
adjusting the mixing ratio of carboxylic acids (adipic acid and succinic 
acid) in the mixture was examined. Bisphenol A was used as the 
thermo-setting resin. The hardening agent was constituted by using adipic 
acid and succinic acid, bisphenol A, adipic acid and succinic acid were 
mixed at mixing ratios (mass%) in TABLE IV below to prepare fluxes. 
The adipic acid content a (mass%) and the succinic acid content c 
(mass%) were varied within the range of a : c = (100 : 0) to (0 : 100) when 
a + c = 100 among these fluxes. 

Soldering powder was mixed with the individual fluxes prepared, 
and soldering paste samples 50 through 55 were prepared. The soldering 
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powder was constituted of eutectic solder (Sn63 - Pb37) powder. The 
quantity of the flux that was mixed relative to the quantity of the soldering 
powder in each sample was set at 15 mass%. The composition of the 
soldering powder may be selected in correspondence to the reflow 
temperature setting, and thus, soldering powder with a different 
composition may be used. The quantity of the flux that is added, too, may 
be set freely as well. 



TABLE IV 







sample 


sample 


sample 


sample 


sample 


sample 






50 


51 


52 


53 


54 


55 


mixing ratio 


bisphenol A 


1 


1 


1 


1 


1 


1 


ratio (mass%) 


adipic acid 


1 


0.95 


0.75 


0.5 


0.25 


0 




succinic acid 


0 


0.05 


0.25 


0.5 


0.75 


1 


soldering powder 


eutectic 


eutectic 


eutectic 


eutectic 


eutectic 


eutectic 


soldering results 


OK 


OK 


OK 


OK 


OK 


OK 



As shown in TABLE IV, terminals were connected in a desirable 
manner through soldering by using soldering paste sample 50. However, 
soldering paste sample 50, that only contains adipic acid as the hardening 
agent, does not allow the thermo-setting temperature of the adhesive resin 
(bisphenol A) to be varied and thus, does not allow the reflow temperature 
to be varied either. 

In addition, the flux in soldering paste sample 55 became 
hardened before the solder melted, and, as a result, the terminals could not 
be bonded with soldering paste sample 55. 

In contrast, terminals were connected in a desirable manner 
through soldering by using soldering paste samples 51 through 54. 
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FIG. 29 shows relationships between the reflow temperature and 
the component shear strength observed when capacitors were soldered 
with soldering paste samples 50 through 54. 1005-size STD terminal 
capacitors were used in the test. In FIG. 29, the characteristics L50 to L54 
5 respectively represent the characteristics achieved by using soldering paste 
samples 50 through 54. 

The required component shear strength can be assured even at a 
low reflow temperature by increasing the succinic acid content. For 
y v instance, assuming that 1.4 kg of component shear strength is required, the 

q 10 reflow temperature needs to be set at 230°C in conjunction with soldering 

i-CI 

paste sample 52 (see the characteristics L52). In contrast, soldering paste 
ffl sample 53 (see the characteristics L53) with a higher succinic acid content 

than sample 52 only requires the reflow temperature to be set to 210°C. 
3 As explained above, by changing the mixing ratio of the 

[f| 15 carboxylic acids (adipic acid and succinic acid) in the mixture, the 
if I thermo-setting temperature of the adhesive resin (bisphenol A) can be 

adjusted. As a result, it becomes possible to harden the adhesive resin 

(bisphenol A) at any reflow temperature, that means that the reflow 

temperature can be adjusted in correspondence to the melting point of the 
20 solder element that is used. Thus, the reflow temperature does not need to 

be fixed to a specific value. 

The results of test 4 described above indicate that it is desirable 

that the adipic acid content a (mass%) and the succinic acid content c 

(mass%) satisfy a : c = (95 : 5) to (25 : 75) with a + c = 100, when adipic 
25 acid and succinic acid are mixed to constitute the hardening agent to be 

used in conjunction with a eutectic solder (Sn63-Pb37) constituting the 

solder element. 
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Test 5: varying solder element to be combined with flux 

The solder element used in test 4 was constituted of a eutectic 
solder (Sn63-Pb37). The melting point of the eutectic solder (Sn63-Pb37) 
is 183°C. Now, a test (hereafter referred to as test 5) conducted by using 
Sn-3.5Ag solder to constitute the solder element unlike in test 4 is 
explained. The melting point of the Sn-3.5Ag solder is 217°C, that is 
considerably higher than the melting point, i.e. 183°C, of the eutectic 
solder (Sn63-Pb37). 

Bisphenol A, adipic acid and succinic acid were mixed at a 
mixing ratio (mass%) in TABLE V to prepare fluxes. The adipic acid 
content a (mass%) and the succinic acid content c (mass%) were varied 
within the range of a : c = 100 : 0 to 0 : 100 (a + c = 100) among these 
fluxes. 

Soldering powder was mixed with the individual fluxes prepared, 
and soldering paste samples 70 through 75 were prepared. The soldering 
powder was constituted of Sn-3.5Ag soldering powder. The quantity of 
the flux that was mixed relative to the quantity of the soldering powder in 
each sample was set at 15 mass%. 



TABLE V 







sample 


sample 


sample 


sample 


sample 


sample 






70 


71 


72 


73 


74 


75 


mixing ratio 


bisphenol A 


1 


1 


1 


1 


1 


1 


(mass%) 


adipic acid 


1 


0.95 


075 


0.5 


0.25 


0 




succinic acid 


0 


0.05 


0.25 


0.5 


0.75 


1 


soldering powder 


Sn-3.5Ag 


Sn-3.5Ag 


Sn-3.5Ag 


Sn-3.5Ag 


Sn-3.5Ag 


Sn-3.5Ag 


soldering results 


OK 


OK 


NG 


NG 


NG 


NG 
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As shown in TABLE V, the fluxes in soldering paste samples 72 
through 75 became hardened before the solder melted, and, as a result, the 
terminals could not be bonded with soldering paste samples 72 through 
75. 

In addition, terminals were connected in a desirable manner 
through soldering by using soldering paste samples 70 and 71. 

The results of test 5 described above indicate that it is desirable 
that the adipic acid content a (mass%) and the succinic acid content c 
(mass%) satisfy a : c = (100 : 0) to (95 : 5) with a + c = 100, when adipic 
acid and succinic acid are mixed to constitute the hardening agent to be 
used in conjunction with Sn-3.5Ag solder constituting the solder element. 

In tests 3 through 5 described above, the soldering process was 
implemented by using soldering pastes obtained by mixing fluxes with 
soldering powder. However, similar effects and advantages may be 
achieved by implementing a soldering process with a flux directly applied 
onto a board having solder bumps formed thereupon. 

It is obvious that an electronic circuit apparatus similar to the 
electronic circuit apparatus shown in FIG. 25 may be achieved by using 
any of the solderings pastes checked in tests 3 through 5. In addition, an 
electronic component device and an electronic circuit module can be also 
constituted by using any of the soldering tastes checked in tests 3 through 
5. 

Furthermore, by mixing carboxylic acids with different 
thermo-setting speeds from each other in the hardening agent, the speed 
with which the adhesive resin becomes thermally set can be varied. As a 
result, it becomes possible to adjust the reflow time or the reflow 
temperature in correspondence to the solder element that is used. For 
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instance, when adipic acid and succinic acid are used in combination, the 
quantity of heat required to thermally set succinic acid is smaller than the 
quantity of heat required to thermally set adipic acid, and thus, the 
thermo-setting speed of succinic acid is higher than the thermo-setting 
speed of adipic acid. For this reason, it is possible to vary the 
thermo-setting speed of the adhesive resin (bisphenol A) by mixing adipic 
acid and succinic acid to constitutes the hardening agent, in order to adjust 
the reflow time or the reflow temperature. A similar advantage may be 
achieved through a different combination of carboxylic acids such as 
adipic acid and pimelic acid. 

Moreover, the thermo-setting speed of the adhesive resin can also 
be varied by combining different carboxylic acids in the mixture or by 
changing the mixing ratio, to achieve similar effects and advantages. 

Although not shown, in conjunction with the soldering paste 
according to the present invention, the flux according to the present 
invention may be used as a sealant to bond an electronic component to a 
component mounting board, a semiconductor chip to a chip mounting 
board or an electronic circuit module to a motherboard with the sealant. 
Alternatively, a standard sealant may be formed at the upper layer of the 
flux according to the present invention applied onto a component 
mounting board. 

INDUSTRIAL APPLICABILITY 
As explained above, the present invention achieves the following 
advantages. 

(a) A soldering flux, a soldering paste and a soldering method that 
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achieve a sufficient degree of bonding strength even when components are 
mounted at a higher density, components are further miniaturized or 
components are set with a smaller pitch, are provided. 

(b) A soldering flux, a soldering paste and a soldering method, 
that make it possible to prevent components from becoming lifted off or 
falling off from a double-sided installation type component mounting 
board with a high degree of reliability, are provided. 

(c) An electronic component device, an electronic circuit module 
and an electronic circuit apparatus, that do not require a flux quashing 
process and thus can be manufactured at lower production cost are 
provided. 

(d) An electronic component device, an electronic circuit module 
and an electronic circuit apparatus achieving a high degree of reliability by 
greatly increasing the durability of solder joints are provided. 
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What is claimed is: 

1. A soldering flux-containing an adhesive resin and a hardening 

agent. 

2. The flux of claim 1, assuming either a liquid form or a paste 

5 form. 

3. The flux of either claim 1 or claim 2 wherein: 
said adhesive resin contains a thermo-setting resin. 

4. The flux of claim 3, wherein: 

O said thermo-setting resin is constituted of at least one of an epoxy 

Q 

Sj 10 resin, a phenol resin, a polyimide resin, a silicon resin, a modified resin 
q and an acrylic resin. 

m 

\| 5. The flux of any of claims 1 through 4, wherein: 

2*1 said hardening agent contains a carboxylic acid. 

6. The flux of any of claims 1 through 4, wherein: 

! f |: 

!«l 15 said hardening agent contains at least two different carboxylic acids 

p. I 

with said two carboxylic acids having melting points different from each 
other. 

7. The flux of claim 6, wherein: 

one of said two carboxylic acids is adipic acid and the other 
20 carboxylic acid is pimelic acid. 

8. The flux of claim 7, wherein: 

a : b = (85 : 15) to (95 : 5) is satisfied with "a" representing the 
content (mass%) of the adipic acid and "b" representing the content 
(mass%) of the pimelic acid. 
25 9. The flux of claim 6, wherein: 

one of said two carboxylic acids is adipic acid and the other 
carboxylic acid is succinic acid. 
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10. The flux of claim 9, wherein: 

a : c = (95 : 5) to (25 : 75) is satisfied with "a" representing the 
content (mass%) of the adipic acid and "c" representing the content 
(mass%) of the succinic acid. 

11. A soldering paste containing soldering powder and a flux, 

said flux is constituted of the flux of any of claims 1 through 10 and 
said soldering powder is mixed with said flux. 

12. The soldering paste of claim 11, wherein: 

said soldering powder contains at least one of Sn, Cu, Ag, Sb, Pb, 
In, Zn and Bi. 

13. An electronic component device comprising at least one 
electronic component, a component mounting board and a soldering flux, 
wherein: 

said electronic component is soldered onto said component 
mounting board; and 

said soldering flux is constituted of the flux of any of claims 1 
through 10 and is present between said electronic component and said 
component mounting board to bond said electronic component and said 
component mounting board to each other. 

14. An electronic circuit module comprising a semiconductor chip, 
a chip mounting board and a soldering flux, wherein: 

said semiconductor chip having at least one semiconductor element 
is soldered onto said chip mounting board; and 

said soldering flux is constituted of the flux of any of claims 1 
through 10 and is present between said semiconductor chip and said chip 
mounting board to bond said semiconductor chip and said chip mounting 
board to each other. 
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15. An electronic circuit apparatus comprising an electronic circuit 
module, a motherboard and a soldering flux, wherein: 

said electronic circuit module is soldered onto said motherboard; 

and 

said soldering flux is constituted of the flux of any of claims 1 
through 10 and is present between said electronic circuit module and said 
motherboard to bond said electronic circuit module and said motherboard 
to each other. 

16. The electronic circuit apparatus of claim 15, wherein: 

said electronic circuit module is the electronic circuit module of 
claim 14. 

17. A soldering method implemented by using the flux of any of 
claims 1 through 10. 

18. A soldering method implemented by using the soldering paste 
of any one of claims 11 and 12. 

19. The method of any one of claims 17 and 18, implemented to 
solder an electronic component, an electronic circuit module or a 
semiconductor chip onto a board. 

20. The method of claim 19, having; 

a step in that a soldering process is executed at one surface of said 
board by using said soldering paste; and 

a subsequent step in that an electronic component is soldered onto 
another surface of said board with a solder different from said soldering 
paste. 
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ABSTRACT OF THE DISCLOSURE 



The present invention relates to a soldering flux, a soldering paste 
and a soldering method that achieve a sufficient degree of bonding 
strength even when components are mounted at a higher density, 
components are further miniaturized or components are mounted with a 
smaller pitch. A flux 3 contains an adhesive resin and a hardening agent. 
This flux or a soldering paste containing the flux is applied onto a 
component mounting board 1, and then, an electronic component 4 is 
mounted and soldered onto the component mounting board 1. 
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THE FOLLOWING IS THE ENGLISH TRANSLATION OF THE 
ARTICLE 34 AMENDED SHEETS (pages 54-56) 



What is claimed is: 

1. (Amended) A soldering flux containing an adhesive resin and a 
hardening agent, 

said hardening agent contains at least two types of carboxylic acids 
having melting points different from each other. 

2. The flux of claim 1, assuming either a liquid form or a paste 

form. 

3. The flux of either claim 1 or claim 2 wherein: 
said adhesive resin contains a thermo-setting resin. 

4. The flux of claim 3, wherein: 

said thermo-setting resin is constituted of at least one of an epoxy 
resin, a phenol resin, a polyimide resin, a silicon resin, a modified resin 
and an acrylic resin. 

5. The flux of any of claims 1 through 4, wherein: 
said hardening agent contains a carboxylic acid. 

6. (Deleted) 

7. (Amended) The flux of any of claims 1 through 5, wherein: 

one of said two carboxylic acids is adipic acid and the other 
carboxylic acid is pimelic acid. 

8. The flux of claim 7, wherein: 

a : b = (85 : 15) to (95 : 5) is satisfied with "a" representing the 
content (mass%) of the adipic acid and "b" representing the content 
(mass%) of the pimelic acid. 

9. (Amended) The flux of any of claims 1 through 5, wherein: 

one of said two carboxylic acids is adipic acid and the other 
carboxylic acid is succinic acid. 

10. The flux of claim 9, wherein: 



a : c = (95 : 5) to (25 : 75) is satisfied with "a" representing the 
content (mass%) of the adipic acid and "c" representing the content 
(mass%) of the succinic acid. 

11. (Amended) A soldering paste containing soldering powder and 

a flux, 

said flux is constituted of the flux of any of claims 1 through 5 and 
7 through 10 and said soldering powder is mixed with said flux. 

12. The soldering paste of claim 11, wherein: 

said soldering powder contains at least one of Sn, Cu, Ag, Sb, Pb, 
In, Zn and Bi. 

13. (Amended) An electronic component device comprising at least 
one electronic component, a component mounting board and a soldering 
flux, wherein: 

said electronic component is soldered onto said component 
mounting board; and 

said soldering flux is constituted of the flux of any of claims 1 
through 5 and 7 through 10 and is present between said electronic 
component and said component mounting board to bond said electronic 
component and said component mounting board to each other. 

14. (Amended) An electronic circuit module comprising a 
semiconductor chip, a chip mounting board and a soldering flux, wherein: 

said semiconductor chip having at least one semiconductor element 
is soldered onto said chip mounting board; and 

said soldering flux is constituted of the flux of any of claims 1 
through 5 and 7 through 10 and is present between said semiconductor 
chip and said chip mounting board to bond said semiconductor chip and 
said chip mounting board to each other. 



15. (Amended) An electronic circuit apparatus comprising an 
electronic circuit module, a motherboard and a soldering flux, wherein: 

said electronic circuit module is soldered onto said motherboard; 

and 

said soldering flux is constituted of the flux of any of claims 1 
through 5 and 7 through 10 and is present between said electronic circuit 
module and said motherboard to bond said electronic circuit module and 
said motherboard to each other. 

16. The electronic circuit apparatus of claim 15, wherein: 

said electronic circuit module is the electronic circuit module of 
claim 14. 

17. (Amended) A soldering method implemented by using the flux 
of any of claims 1 through 5 and 7 through 10. 

18. A soldering method implemented by using the soldering paste 
of any one of claims 11 and 12. 

19. The method of any one of claims 17 and 18, implemented to 
solder an electronic component, an electronic circuit module or a 
semiconductor chip onto a board. 

20. The method of claim 19, having; 

a step in that a soldering process is executed at one surface of said 
board by using said soldering paste; and 

a subsequent step in that an electronic component is soldered onto 
another surface of said board with a solder different from said soldering 
paste. 
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application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Claimed 



05 / October / 1999 M □ 

(Day/Month/Year Filed) Yes No 

23 /March /2000 B □ 

(Day/Month/Year Filed) Yes No 



ss3&H#aiSftii9* <e> mizm-j\.>x-F6i<o*mttm- 
tc urn titz mm * c c ic-tai »fc 1 4 -r . 



(Application No.) 



(Filing Date) 
(HJISSIJ) 



a\m&KMZiitzmw* x.&xmzmfeLx^zWwfi&tim® 

365* (c) K»-^<*#J*CCfC±iHL4-r. 4fc. *tHM«# 
a*«H»WS* t *Bffi*!B35«112*SlJSX{i»a l rtt**«-C 
Jffl^S^fc)ji£T5fefjr**li«filFHiIl<c|«^$*i-CV>4fc»H 

k oi^r r^«^* s *> -s. c t * ssk l x i» 4 -r „ 



I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application(s) listed 
below. 



(Application No.) 



(Filing Date) 



I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States applicatjon(s), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 1 12, 1 acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 



(Application No.) 



(Filing Date) 

) 



(Application No.) 



(Filing Date) 
(HUH) 



&&m<DMm^m^\ l >x*umWtyx°&i)mt£ ; ?nwi)> 
< Skw-h^xumx-hztmcx^zzt. zt>izt&Mtztc$ 

III, irj-CCCClEOCt <m*%gtL4-ro 
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(Status: Patented, Pending, Abandoned) 



(Status: Patented, Pending, Abandoned) 

mn ■■ wiwrwts, wmm) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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Japanese Language Declaration 

(B$Ilft) 



fctiu $II&JUI35ttll9ft (a) - (d) «X(±365* (b) J»fc 



3Lm.-rz 1 1 biz. fgft«££3 

Prior Foreign Application(s) 

2000-218046 
(Number) 

(Number) 

(#*§•) 



Japan 



(Country) 

(P!«) 



(Country) 

(BJ4S) 



I hereby claim foreign priority under Title 35, United States Code, 
Section 1 1 9 (a)-(d) or 365(b) of any foreign applications) for patent 
or inventor's certificate, or Section 365(a) of any PCT international 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Claimed 



18 /July/ 2000 



(Day/Month/Year Filed) 
(Day/Month/Year Filed) 



a □ 

Yes No 

□ □ 

Yes No 



mt.m3m*mtikmw%k <e) mizm-^^xTMommm* 
&mMfcizamztitzmm% z c tznm >tc L*-t 0 



I hereby claim the benefit under Titie 35, United States Code, 
Section 11 9(e) of any United States provisional application^} listed 
below. 



(Application No.) 



(Filing Date) 

(JtiBUI) 



365* (c) izm-j<mm*z\z\iz±:i&L£-r„ *aiMcos 

a3R«BBoWS4**Hi&*m3M112*«lffiX<i«f!MFtt**ft-r? 
&fe ? ilttteX- 5fef Sir S #fflt* fr Hi m iz m * $ *iX l » % I > IS 

atf»*»37iii^s-e^ais*i.A:»*F»«i<ow«»c:i«-r*a» 



(Application No.) 
((BMP}) 



(Filing Date) 
(HiiHH) 

I hereby claim the benefit under Title 35, United States Code, Section 
1 20 of any United States application(s), or Section 365(c) of any PCT 
international application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 1 12, 1 acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 



(Application No.) 



(Filing Date) 

(ttiJKB) 



(Application No.) 
(HMMH») 



(Filing Date) 

(HJJRB) 



KtzmfavmwBivzitbmmcoft&iiKm&mmimBioo] 

£iX ZZ.lz±.ft£<D£t < IS^KLItc 
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(Status: Patented, Pending, Abandoned) 

mm ■. mmm) 



(Status: Patented, Pending, Abandoned) 

mm : »»waja, 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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Japanese Language Declaration 

(B*SIft) 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact alt business in the Patent and Trademark 
Office connected therewith: (list name and registration number) 



1111111 
022850 



UMiUft & Send Correspondence to: 

3 

«!Ei&BS£iIJS$s : (Zlft&VWfeWrH) Direct Telephone Calls to: (name and telephone number) 

J (703)413-3000 





Full name of sole or first joint inventor 
Minoru TAKAYA 


%wm<Dm% era 


Inventor's signature Date 


ftHJr =r 103-82 72 B*H3ltSC*(f *KB*«-T1 13 # 1 * 


Residence c/o TDK^orporation, -—7^1/- 
1-13-1, Nihonbashi, Chuo-ku,Ja^o r tt3-8272 I JapaiL^r'/^ 


BSS 


Citizenship 

Japan 


she®*** 

T103-8272 H*HJltSC«+*|ZB*«— TB 18*1 * 


Post Office Address 
c/o TDK Corporation, 




1-13-1, Nihonbashi, Chuo-ku, Tokyo, 103-8272, Japan 




Full name of second joint inventor, if any 

Hjsayjjkj ABE 




Second joint Inventor's signature Date 


t 103-8272 B#ffl*JK«5*ifeEB#«-TB 13#1# 


Residence c/o TDK Corporation, —A. 

1-13-1, Nihonbashi, Chuo-ku. Tokyo, 103-8272, JapanJ/f^L^ 


GM 

0*ffl 


Citizenship 

Japan 


T103-8272 B*H*MH5+*KB*<i-TS 13 #1 # 


Post Office Address 
c/o TDK Corporation, 




1-13-1, Nihonbashi, Chuo-ku, Tokyo, 103-8272, Japan 



(m=MM<D&&l%Vfi&iz-o\. »*C 6fttttCGttU WZ-fZC t ) (Supply similar information and signature for third and subsequent 

joint inventors.) 
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